Abstract Temporary ponds are unpredictable habitats that exhibit inundation periods of variable duration (hydroperiods). We hypothesised that changes in microcrustacean assemblages, namely among ponds (spatial variation) and within ponds at a monthly scale (intra-annual variation), would differ according to hydroperiod length. We found that the microcrustacean assemblages of the study ponds demonstrated distinctive individual patterns that were dependent on monthly variation. During pond filling, species turnover was particularly high in short-hydroperiod ponds, probably due to the fast hatching of the initial pool of species, which seemed to determine subsequent species succession. Some of the long-hydroperiod ponds were able to hold water during the summer, which meant that they could harbour adult microcrustaceans in the early autumn, in contrast to the recently filled ponds; species turnover could thus increase at the onset of the inundation cycle. In the summer, species turnover decreased (while the contribution of nestedness to b-diversity increased) because only a few tolerant species were able to withstand the poor water quality found in drying ponds. We suggest that preserving the broader hydroperiod gradient, by protecting ponds with different environmental conditions within each hydroperiod category, would safeguard the ecological dynamics of the microcrustacean assemblages found in temporary ponds.
Introduction
The extent to which spatio-temporal heterogeneity influences diversity remains a challenging problem in community ecology (Jurasinski et al., 2009; Anderson & Walsh, 2013) . Species diversity comprises three components: a-, b-, and !-diversity. Local and regional species richness determine a-and !-diversity, respectively, while variation in species composition among sites within a geographical area often defines b-diversity (Legendre et al., 2005 ; but see e.g., Tuomisto, 2010; Anderson et al., 2011) . However, bdiversity can also express temporal variation in species assemblages (Chalcraft et al., 2004; La Sorte & Boecklen, 2005; Korhonen et al., 2010) . Both spatial and temporal variation in species turnover (or species replacement) and the nestedness components of b-diversity can be assessed with the additive process of b-diversity partitioning (Baselga, 2010) . Nestedness is a type of biodiversity pattern; it occurs when species-poor areas contain species-rich subareas, and the degree of nestedness describes the species shared between high-and low-diversity areas (Patterson, 1990; Atmar & Patterson, 1993; Ulrich et al., 2009) . Environmental heterogeneity and species dispersal limitations are considered to be the main factors that affect species biodiversity at local and regional spatial scales, thus favouring b-diversity (Anderson et al., 2006; Verleyen et al., 2009; Steiner, 2014) . Consequently, temporal variation in biodiversity can be expected to track seasonal changes in species environmental conditions and life cycles. Temporal variation in b-diversity can also be estimated at both short time scales (intra-annual, e.g., Siokou-Frangou, 1996; Tackx et al., 2004) and long time scales (interannual, e.g., Romo et al., 2005; Fahd et al., 2009) .
Invertebrate and plankton communities have often been used to explore the multiple interlinked factors that drive diversity across different spatial scales, including connectivity, disturbance (droughts), and dispersal (Pedruski & Arnott, 2011; Vanschoenwinkel et al., 2011; Lopes et al., 2014) ; nutrient enrichment and predation (Beisner & Peres-Neto, 2009; PinelAlloul & Mimouni, 2013) ; and, more generally, stochastic versus deterministic assembly processes (Freestone & Inouye, 2015) . Lakes and wetlands have been the classical settings for studies of invertebrate community structure (Brooks & Dodson, 1965; Wellborn et al., 1996) . Temporary water bodies, in particular, offer clear environmental gradients that can be used to examine the combined effect of predation and life-history adaptations on diversity. Temporary ponds experience recurrent phases of desiccation of unpredictable duration (Williams, 1997) . The microcrustacean species found in temporary ponds have consequently adjusted their life cycles to cope with the unpredictability of their habitats (Williams, 2006) . For instance, they produce an egg bank of propagules that remains in the sediment, a strategy to guarantee long-term species persistence even as the environment changes (Hairston, 1996) . As ponds dry up, the deterioration of environmental conditions (e.g., deoxygenation, high temperatures, drastic reduction in the size of the pond surface, high concentration of nutrients and solutes) and the strong pressure exerted by biotic interactions may cause invertebrate species to produce droughtresistant forms that can survive desiccation (Florencio et al., 2013) . In Doñana National Park (SW Spain), the timing of the onset of the wet period is highly variable, and the duration of the inundation period (hydroperiod) also varies widely among ponds (Diaz-Paniagua et al., 2010) . In previous studies, Doñana's temporary ponds have been found to harbour rich and dynamic zooplankton communities (Fahd et al., 2000) that are structured by episodic predation (Fahd et al., 2007) . Although some differences in species composition have been observed along the hydroperiod gradient in long-term studies (Serrano & Fahd, 2005; Fahd et al., 2009) , no clear seasonal patterns have been found so far. However, small organisms living in highly unpredictable habitats are expected to have high turnover rates, according to a multi-taxon study performed across different aquatic systems and biogeographical areas (Korhonen et al., 2010) . Therefore, the microcrustacean assemblages found in Doñana's temporary ponds are an excellent model with which to analyse spatial and temporal patterns of species turnover, especially when fine-scale monthly sampling is carried out across a wide hydroperiod gradient. We analysed the contributions of species turnover and nestedness to b-diversity among ponds along the hydroperiod gradient (spatial scale) and across months (temporal scale). We hypothesised that intra-annual variation in microcrustacean b-diversity would be high at both spatial and temporal scales.
Methods

Study site
The study was carried out in 19 ponds located within the Doñana Biological Reserve (Doñana National Park, SW Spain). Doñana National Park is one of the most pristine wetlands in Europe; it was included in the RAMSAR convention in 1982 and later designated as a World Heritage Site by UNESCO, in 1995. The study site was located in a coastal dune system, where several dune generations have been deposited over a large sedimentary aquifer system (ca. 3,400 km 2 in surface area) located along the Atlantic coast by the mouth of the Guadalquivir River. The area has a Mediterranean subhumid climate, which is characterised by hot and dry summers, mild winters, and rainfall that falls mainly in the autumn and winter. The park is divided up into a marsh and a sandy area, where more than 3,000 temporary ponds may be formed following heavy autumn or winter rainfall during wet years, while these ponds usually dry up in summer (except for a couple of ponds that retain water during normal summers). These ponds are mainly fed by freshwater (rainfall, runoff, and a shallow water table) and have no surface or groundwater connection to the sea, although they can receive salts of marine origin through airborne deposition (Serrano et al., 2006) . The length of the inundation period, or hydroperiod, is highly variable and depends on the timing of the start of the drying phase for each pond. The most ephemeral ponds usually dry up in the spring; in contrast, the ponds with the longest hydroperiods may hold water until the end of the summer during years with normal rainfall and may even avoid desiccation during the summers of very wet years (Diaz-Paniagua et al., 2010) .
Sampling procedure
Our study, which took place from November 2006 to September 2007, covered a complete annual cyclefrom the inundation to the desiccation of most of the temporary ponds in the study area. Annual rainfall during the study was 716.9 mm, which is above average for the area (mean = 544.6 mm; see DiazPaniagua et al., 2010) . In years of high rainfall, some long-hydroperiod ponds do not dry out, as was the case for two of our study ponds. The 19 temporary ponds selected for this study spanned a wide hydroperiod gradient and were grouped into three categories: short-(\7 months), intermediate-(7-7.5 months), and longhydroperiod ponds ([7.5 months) (for further details on the hydroperiods of these ponds, see Florencio et al., 2009) . The number of ponds in each category that were sampled changed over the course of the study because of variation in pond inundation related to (i) the onset of inundation (i.e., only three of the seven short-hydroperiod ponds and six of the seven intermediate-hydroperiod ponds were inundated in November 2006); (ii) the early desiccation of two short-hydroperiod ponds in January 2007 that were, later, re-inundated in February; and (iii) the start of the drying phase of the ponds. With regard to the latter, pond desiccation was a gradual process that started with the desiccation of the short-hydroperiod ponds in May. The intermediate-hydroperiod ponds dried out in June, and some water persisted in two of the longhydroperiod ponds up until when we stopped sampling, in September.
Microcrustacean assemblages (i.e., planktonic copepods and cladocerans) were sampled using a nylon filter net (100-lm mesh size). We filtered a known volume of water, which ranged from 5 to 21 l per pond, depending on pond size (more water was sampled from larger ponds) and water turbidity (smaller volumes were sampled if the filter clogged more quickly). We sampled the water column of each pond along a transect, which ran from the littoral zone to the open water: a 1-l sample jar was lifted from the pond's bottom to its surface. Ponds could not be sampled when the water column was \15 cm, which occurred in one pond in February, March, and April. To ensure that we had a complete inventory of the crustaceans present, including the large branchiopods (i.e., Anostraca, Notostraca, and Spinicaudata), we collected additional samples using a protocol that targets macroinvertebrates. With a dip net (1-mm mesh size), we netted a stretch of water of about 1.5 m in length. For each pond, samples were taken at several different points along one or two transects spanning from the littoral zone to the open water; the number of sampling points was proportional to pond size (see Florencio et al., 2009 for more details). From these additional dip-net samples of large branchiopods, we only examined incidence per pond and month; these data were included in the presence-absence matrices. For simplicity's sake, we use here the term ''microcrustaceans'' to refer to all cladocerans, copepods, and large branchiopods.
All the samples were preserved in 70% ethanol and identified in the laboratory. The different morphological species were separated out under a stereoscopic microscope, and the specimens were placed on a glass slide so they could be identified to the species level using an optical microscope. Taxonomic identification was performed using Alonso (1996) for the cladocerans and large branchiopods and Dussart (1967 Dussart ( , 1969 for the copepods. In the case of Triops baeticus, we followed the nomenclature proposed in Korn et al. (2010) . Then, the abundance of each species was determined using an inverted microscope. Juveniles were separated in copepod nauplii, immature diaptomids, immature cyclopoids, immature harpacticoids, immature cladocerans, and large branchiopod larval stages. These juvenile stages were only used in the PERMANOVA analysis, which utilised averaged abundances (see below). They were excluded from the b-diversity analyses.
We averaged the number of individuals per litre and per pond and then constructed a matrix including these standardised values per species (columns) for the whole ponds and the full months (rows). These averaged abundance data were transformed in a species presence-absence matrix that was used in the analyses of b-diversity, which included the supplementary data on the large branchiopods. From these presence-absence matrices, we extracted two further types of matrices: i) per-month matrices that included all the ponds sampled for a given month and ii) perpond matrices that included all the months that a given pond was sampled.
Data analyses
Variation across ponds and months
We built triangular similarity matrices using the inverse of the Bray-Curtis index of dissimilarity on the matrix of the averaged abundances of the microcrustaceans. Differences in microcrustacean assemblage similarity across ponds and months, as well as the pond-by-month interaction, were analysed using a two-way crossed permutational multivariate analysis of variance (PERMANOVA; Anderson, 2001 ) on the matrix of averaged abundances. This non-parametric procedure allowed us to analyse differences between two or more groups or factors based on any distance or similarity measure. Statistically significant differences were tested using permutations of group membership; we performed 9,999 replicates using the software PRIMER v.6 (Anderson et al., 2008) . In these analyses, we excluded a short-hydroperiod pond in November and two long-hydroperiod ponds, one in June and the other in July, because they contained no crustaceans. To analyse the effect of hydroperiod type on microcrustacean richness, we performed a nested ANOVA (Statistica v.8) on total richness per pond and month; hydroperiod (three levels) was nested within month (11 levels) to avoid monthly variation when assessing hydroperiod differences. Separate nested ANOVAs were performed for cladoceran, copepod, and large branchiopod species richness; within the copepods, separate tests were performed for cyclopoid, diaptomid, and harpacticoid richness. We also performed a Tukey HSD post hoc test between all the combinations of hydroperiod types and months (Online Resource). The unequal levels of the different factors meant that we could not look at the interaction between hydroperiod type and month-there were unequal levels because of the gradual desiccation of the ponds.
Changes in b-diversity across ponds and months
We built triangular similarity matrices using the Sørensen index and the presence-absence data. To assess spatial differences between ponds, we constructed per-month triangular matrices, which comprised the dissimilarity values for all the pond pairs for a given month. To assess temporal differences, we constructed one matrix per pond and dissimilarity values were calculated between pairs of successive months.
We used the b-diversity partitioning approach proposed by Baselga (2010) : (i) per-month spatial dissimilarities between ponds were calculated-the three hydroperiod types were considered separately and (ii) per-pond temporal dissimilarities were calculated between pairs of successive months.
To partition b-diversity, we used two approaches that took into account the fact that the number of ponds sampled varied across months within each hydroperiod type. First, to determine spatial b-diversity partitioning and obtain comparable values of bdiversity for different matrix sizes (which included different numbers of ponds), we used multiple-site dissimilarity patterns. Second, to determine b-diversity partitioning for each pond between pairs of successive months, we used a pairwise dissimilarity procedure (Baselga, 2012 (Baselga, , 2013 . To calculate the multiple-site b-diversity partitioning using different matrix sizes, we used the minimum number of ponds sampled in a month (three) to resample the total number of ponds sampled per month (1,000 random samples). To determine multiple-site and pairwise bdiversity partitioning, we used the functions ''beta.sample'' and ''betapair'', respectively (betapart package, Baselga & Orme, 2012) , which were implemented in R software 2.14.2 (R Development Core Team, 2012). Both multiple-site and pairwise bdiversity (b sor ) were partitioned into two additive components that accounted for dissimilarity due to species replacement (b sim ) and dissimilarity due to nestedness (b sne ), respectively, in accordance with the formula b sor = b sim ? b sne (Baselga, 2010) . To distinguish between the measures of b-diversity derived from the multiple-site or pairwise calculations of dissimilarity, we hereafter refer to the multiple-site dissimilarities using capital letters (i.e., b SOR , b SIM , and b SNE ) and the pairwise similarities using lowercase letters (i.e., b sor , b sim , and b sne ) (see Baselga, 2012) . Because juvenile stages were not included in these analyses, we could not include July, August, and September in our comparisons because adult individuals were absent from most ponds during those months.
Results
We collected 54 species, including 33 cladocerans, 14 copepods, and 7 large branchiopods (Table 1) . Chydorus sphaericus was present in all the ponds. Thirty additional species (19 cladocerans, 10 copepods, and the notostracan Triops baeticus) were found across the entire hydroperiod gradient, and 11 species (5 cladocerans, 2 copepods, and 4 large branchiopods) were found in two out of the three hydroperiod categories. Twelve species were represented by just a few individuals, which occurred in a few ponds of one hydroperiod type. One exception was Daphnia magna, which was quite abundant even though it was present only in long-hydroperiod ponds (Table 1 , Online Resource ESM 1). Only seven species of cladocerans and five species of copepods reached high levels of abundance (average per pond and month[10 ind l -1 ; Table 1 , Online Resource ESM 1). At the beginning of the inundation phase, in November, juvenile microcrustaceans were abundant in all the inundated ponds, while numbers of adults were low; one exception was a long-hydroperiod pond in which adults were quite abundant (Fig. 1) .
The nested ANOVA analyses revealed that species richness per pond and month was significantly greater in intermediate-hydroperiod ponds than in short-and long-hydroperiod ponds in the case of copepods, large branchiopods, cyclopoids, and harpacticoids (Table 2) . Increased richness was often observed at the beginning of the pond inundation phase-around February-April in long-hydroperiod ponds, in May for intermediatehydroperiod ponds, and in March for short-hydroperiod ponds. Total richness was considerably higher than average pond richness, which indicates that different ponds in the same hydroperiod category harboured different microcrustacean species (Fig. 1) .
Species patterns across ponds and months
Two species had very wide temporal ranges-they were present from November to June (C. sphaericus) in short-and intermediate-hydroperiod ponds and from November to July (Copidodiaptomus numidicus) in long-hydroperiod ponds. Of the 21 species observed following pond inundation in November, only Diacyclops bicuspidatus, Ceriodaphnia quadrangula, C. laticaudata, and Canthocamptus staphylinus were found in more than three ponds (Table 1) . Some ''early'' species only occurred in the first few months after pond inundation (i.e., Metacyclops minutus, D. magna, and Moina brachiata). From January to April, the microcrustacean assemblages added an additional 12 species. In the summer, nine species persisted at low densities in the ponds that remained flooded, while in September, the only two species present were extremely abundant (i.e., Acanthocyclops americanus and Moina micrura, Table 1 , Online Resource ESM 1).
Variation across ponds and months
We detected significant effects of both spatial (ponds, explained variance = 25%, P \ 0.0001) and temporal (months, explained variance = 22%, P \ 0.0001) factors on the microcrustacean assemblages, as well as a significant interaction between them. By itself, the interaction explained 53% of the variance (P \ 0.0001), which revealed that pond assemblage composition varied across months. Notably, less than 1% of the variance remained unexplained. Moina brachiata Changes in b-diversity across ponds
We observed high levels of species replacement (b SIM ) among ponds in the months immediately after pond inundation; then, there was a gradual reduction in b SIM until it reached its minimum values in MayJune (Fig. 2) . Accordingly, the dissimilarity due to nestedness (b NES ) remained low during the entire annual cycle, except in May and June (Fig. 2) . When we analysed these spatial differences separately for each hydroperiod type, we observed that shorthydroperiod ponds reached their highest b SIM immediately after inundation, while b SNE was highest in the long-hydroperiod ponds in the summer, when the other ponds had already dried out (Fig. 3) . Shorthydroperiod ponds attained their minimum b SIM values in January, when the ponds had low water levels and some nearly became desiccated. Intermediate-hydroperiod ponds had more stable values of b SIM and b SNE across the annual cycle. Long-and intermediate-hydroperiod ponds had high levels of species replacement after pond inundation in November, while short-hydroperiod ponds had high levels of replacement later on. This pattern contributed to the generally high b SIM at the beginning of the inundation period and high b SNE just before pond desiccation in long-and intermediate-hydroperiod ponds (Fig. 3) .
Monthly species turnover
When microcrustacean b-diversity was calculated for each pond using pairs of consecutive months, longhydroperiod ponds had the highest b sim (Fig. 4) . Both long-and short-hydroperiod ponds showed similar patterns for b sim , which reached maximum values after inundation (November-December). In contrast, intermediate-hydroperiod ponds showed a different pattern. They attained maximum b sim values in JanuaryMarch, while b sim was low after pond inundation and when ponds were nearing desiccation. b sne showed an opposite pattern to that of b sim for intermediate-hydroperiod ponds: b sne peaked in November-December and April-May. In short-hydroperiod ponds, b sne was highest (ca. 0.3) during the months immediately following inundation (November-January), while in long-hydroperiod ponds, b sne was highest (ca. 0.15) in the summer (May-June, June-July) (Fig. 4) . End Indicates a species endemic to the SW Iberian Peninsula n Indicates that the species was newly detected in Doñana in this study Hydrobiologia (2016) 
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Discussion
To our knowledge, this is the first study about the temporal turnover of microcrustacean assemblages in ponds across a hydroperiod gradient by assessing intra-annual variation at a fine (monthly) scale. We found that microcrustacean assemblages differed greatly across ponds and months. Notably, this pattern was largely driven by monthly variation in species turnover that was specific to each hydroperiod type.
In a previous study, the microcrustacean assemblages of Doñana's ponds were found to demonstrate strong interannual variation (Fahd et al., 2009 ). In our study, however, we managed to collect a large percentage (66.7%) of Doñana's regional species pool (all the species ever detected in the park) over the course of a single annual inundation-desiccation cycle. This finding reveals that the microcrustacean assemblages of these ponds vary greatly across months. We also collected two species not previously observed in Doñana (Alona iberica and Ephemeroporus phintonicus), which brings the park's total number of microcrustacean species to 80, when data Fig. 1 Monthly variation in the average number of individual microcrustaceans (abundance) per pond; adults and juveniles were considered separately. Monthly variation in the average richness and total richness per pond is also indicated, as well as variation in the accumulated richness for the whole sampling period. Data are grouped by hydroperiod type (short\7 months, intermediate 7-7.5 months, long [7.5 months) When significance was detected, the intermediate-hydroperiod ponds were always the most species rich (Online Resource ESM 2). The significance level (alpha) was set to 0.05; when a result was non-significant, the P value is provided from past studies are included (Fahd et al., 2009) . Among the microcrustacean species we collected were some rare and relict species that are considered as ''sentinels'' in Mediterranean ponds: they reflect the good conservation status of ponds (e.g., the copepod Hemidiaptomus roubaui and the large branchiopods Branchipus cortesi, T. baeticus, Cyzicus grubei, and Maghrebestheria maroccana, which all have restricted distributions; see Sahuquillo & Miracle, 2010 , 2013 . We discovered that most of the species tended to occur across all three hydroperiod types. Some of these species are cosmopolitan, such as D. bicuspidatus, Megacyclops viridis, and C. sphaericus (Fahd et al., 2000; Serrano & Fahd, 2005) , and some have distributions in North Africa, such as Diaptomus kenitraensis and C. numidicus (Miracle, 1982) . Dussartius baeticus, a species endemic to the SW Iberian Peninsula, occurred across most sampling months and hydroperiod types. T. baeticus, which is endemic to northwestern Africa and the Ibero-Balearic region, was often found in all the pond types, except for in long-hydroperiod ponds, which are thought to be out of their habitat suitability range. The high level of microcrustacean species richness may result from high pond heterogeneity providing a wide diversity of different habitat types, which has been observed for macroinvertebrates in the same study ponds (Florencio et al., 2014) . The species richness of copepods and large branchiopods was highest in intermediate-hydroperiod ponds, which harboured a large number of common species. In contrast, the scarcest species in the study area tended to be found in short-hydroperiod ponds (Fahd et al., 2000) . For example, a previous study found that Branchipus schaefferi and C. grubei, both uncommon species, only occurred in short-hydroperiod ponds exhibiting waters with low conductivity (\200 lS cm -1 ) (see Florencio et al., 2013) . Additionally, the duration of inundation is less consistent in intermediate-hydroperiod ponds than in long-hydroperiod ponds, which could favour the occurrence of a greater number of species, in accordance with the intermediate disturbance hypothesis (see Lopes et al., 2014) . Sahuquillo & Miracle (2010) defined three phases of inundation, which each influence the seasonal variation in microcrustacean assemblages; they are the pond filling phase, the intermediate phase, and the drying phase. In this study, we indeed observed that different species occurred during these three different phases. During the pond filling phase, ''early'' species appeared after the initial inundation of the ponds and even persisted well into the intermediate phase; these species included diaptomids such as Arctodiaptomus wierzejskii (occurred exclusively in long-hydroperiod ponds) and H. roubaui; large branchiopods such as B. cortesi, Tanymastix stagnalis, M. maroccana, and B. schaefferi (mainly occurred in short-hydroperiod ponds); copepods such as the cyclopoid M. minutus (only occurred during the filling phase); and cladocerans, such as Daphnia hispanica, Ceriodaphnia laticaudata, and Macrothrix rosea. Most microcrustaceans and, especially cladocerans, were observed during the intermediate phase (see Sahuquillo & Miracle, 2010) . However, only Ephemeroporus margalefi was abundant-in nine pondsduring this phase; it reached a density of 25 ind l -1 in one pond in April and a density of 12 ind l -1 in another pond in May, which suggests that this species may thrive better later in the inundation-desiccation cycle. Only the most opportunistic and tolerant species are able to make it through the unfavourable conditions of the driest and warmest months of summer (Sahuquillo & Miracle, 2010) . In July-September, most of the ponds in our study area had dried out, except some long-hydroperiod ponds, where a few species were found: Alona rectangular, Ceriodaphnia reticulata, M. micrura, A. americanus, and C. numidicus.
Assemblage dissimilarities were particularly dramatic among ponds just after the initial filling phase, probably because of the restrictive requirements governing the hatching of microcrustacean species, e.g., water level, osmotic pressure, oxygen concentration, turbidity, pH, salinity, temperature, and light in the water column (Brendonck, 1996; Waterkeyn et al., 2009 Waterkeyn et al., , 2010 . In short-hydroperiod ponds, assemblage differences in b-diversity were accentuated among ponds during the filling phase, most likely because more ephemeral sites usually have faster rates of turnover (Korhonen et al., 2010) . In these ponds, different species may hatch just after pond filling, and the newly emerged species could condition the sequence of changes in assemblage composition by facilitating or inhibiting the establishment of other species (Lopes et al., 2014 and references therein) . For example, different biotic interactions, such as predation or competitive exclusion, may occur later in the annual cycle, resulting in high levels of species replacement between successive months (see Florencio et al., 2013) . In our study, only two longhydroperiod ponds still held water in September; they harboured adults of M. micrura and A. americanus. We thus suggest that, in wet years, adult microcrustaceans of various species can persist through the summer in long-hydroperiod ponds that do not dry up; their presence could condition the initial species assemblages of the following inundation cycle. Assemblage differences among ponds still flooded in the summer and ponds that flooded in November-may favour a Fig. 4 Boxplot indicating the median, maximum, minimum, and upper and lower quartiles of the microcrustacean b-diversity components (the dissimilarity due to species replacement is b sim and the dissimilarity due to nestedness is b sne ) calculated between pairs of two successive months for each pond and grouped by hydroperiod type high level of species replacement in long-hydroperiod ponds during the filling phase.
At local spatial scales, dispersal limitations have been found to have a negligible effect on b-diversity because small aquatic organisms adapted to the recurrent disturbance that is desiccation have good dispersal abilities (Lopes et al., 2014 ). Doñana's temporary ponds have been revealed to be a robust and interconnected network when it comes to the dispersal of macroinvertebrates and their recolonisation of ponds (Florencio et al., 2011) . Therefore, we consider it improbable that, in our study, dispersal limitations would be driving changes in microcrustacean assemblages.
Starting in May, there was an increase in the assemblage dissimilarity attributable to nestedness and a consequent reduction in species turnover, both in long-hydroperiod ponds and in intermediate-and long-hydroperiod ponds between successive months. Most of the short-and intermediate-hydroperiod ponds dried up in May and June, respectively. Predator number usually increases along the inundation-desiccation cycle, with large numbers of predators expected to occur during the drying phase (Schneider & Frost, 1996; Spencer et al., 1999; Bilton et al., 2001 ). As they are nearing desiccation, ponds exhibit non-favourable conditions because their water quality is poorer (Florencio et al., 2013) . Microcrustaceans without active dispersal abilities are not able to escape such suboptimal conditions and are thus highly sensitive to seasonal environmental changes (Siokou-Frangou, 1996; Tackx et al., 2004; Waterkeyn et al., 2010) . Therefore, pond desiccation generates stress, which may operate through predation and/or the deterioration of environmental conditions, and thus may ultimately drive changes in microcrustacean assemblages. Such changes could lead to differences in richness among ponds, but still allow those ponds to harbour subsets of similar species (i.e., nestedness).
In our study, we found that the microcrustacean species of temporary ponds construct dynamic assemblages at spatial and temporal scales. Given the distinctiveness of the assemblages found across ponds, we suggest that assemblage dynamics could be best preserved by protecting a wider hydroperiod gradient that includes ponds with different environmental conditions within each hydroperiod type.
